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Abstract— High efficiency, functionality, quality and assuring a high profitability are the main requirements for products in 
today’s world. In mechanical and civil engineering, these requirements are manifested in the application of thin and 
lightweight structures. Mechanical light weight structures tend to undergo unwanted vibrations due to impact forces, which 
come into picture in working condition. Hence determination of impact load is important for detecting and analyzing the 
flaws in lightweight structure. This paper presents a novel hybrid method for the determination of the impact load in the thin 
plate based on inverse method. A rectangular plate with four supports is used as a test rig to simulate the motions of simple 
vehicle body. By measuring responses of similar impact force at remote points away from impact points and measuring 
FRFs of test rig, unknown force and their time histories can be recovered using this method. The results yields significant 
data to regulate ill effects of vibration and design better products.  
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I.  INTRODUCTION  
 
Impact forces often tend to induce unwanted 
vibrations in mechanical lightweight structures. 
Unreceptive methods for increasing the physical 
damping are often inadequate for suppression of the 
vibrations, as they include solutions like of damping 
of materials by additional mass, solidifying designs or 
mass damper. Monitoring and damage analysis plays 
a critical role to know the real external loads that act 
on a mechanical system during its operational life. 
With the information of these loads and conditions, it 
is possible to evaluate damage in terms of the 
ultimate stress, working life, stiffness, and 
consistency of assemblies. But, in many practical 
applications the case is different, there are very few 
cases in which we are able to directly measure the 
external loads. This is largely because of extremely 
high magnitudes of loads acting for a short time 
period (impact loads) and problems in the installation 
of force-measurement devices. Hence, it would be 
helpful to indirectly determine applied loads by 
employing structural response data.  The model of 
active vibration control has become beneficial in this 
direction, to improve the vibration vulnerability of 
lightweight structures with the least possible increase 
in mass.[1]  
Impact force is by far the main reason for material 
fatigue of lightweight structure and it is valued most 
to understand the loading profile and its characteristic 
for design purpose. Identification of impact force and 
excitation on a system is important not just for design 
but also for vibration control, performance 
evaluation, noise suppression, design optimization as 
well as condition monitoring.  [2] Identification of 
impact forces using the inverse technique has been 
developed to solve these problems. Much of the 
research is going on in this direction i.e. 
determination of unknown impact forces by using the 

inverse method.  Z. Boukria, P. Perrotin and A. 
Bennanib hav studied  impact force  determination  
on circular plates subjected to transverse impact by 
using strain gauge to measure strain at selected 
points. [3] N. Hu, H. Fukunaga, S. Matsumoto, B. 
Yan and X.H. Peng have dealt with an efficient 
technique for identifying the impact force acting on 
CFRP laminated plates using Chebyshev polynomial. 
[4] B.T. Wang presents a new general approach in 
developing the force-prediction model.  [5]  He  
proposes a new systematic approach to predict the 
unknown force amplitude and location 
simultaneously for an arbitrary structure subject to 
these forces by using  accelerometer  as sensor. A 
generic force prediction model is developed for the 
impact and harmonic force.  
This paper studies one such case of inverse problems. 
A light weight structure forms a basic element in 
many of the modern machinery and equipment, these 
machines in their operating span have to face impact 
forces. Such forces reduce or terminate the 
effectiveness of the machines. A novel idea is to 
predict these impact forces acting on the light weight 
structure and optimize their design. The better 
designed components are much more efficient and 
have a durable operating life. The project aims a 
small step in this broad direction of making better 
designed products in terms of strength and durability.  
 
II. FORCE IDENTIFICATION  
 
The frequency response function is very simply the 
ratio of the output response of a structure due to an 
applied force. We measure both the applied force and 
the response of the structure due to the applied force 
simultaneously. (The response can be measured as 
displacement, velocity or acceleration.) Now the 
measured time data is transformed from the time 
domain to the frequency domain using a Fast Fourier 
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Transform algorithm found in any signal processing 
analyzer and computer software packages. Due to this 
transformation, the functions end up being complex 
valued numbers; the functions contain real and 
imaginary components or magnitude and phase 
components to describe the function. The most 
important measurement that is needed for 
experimental modal analysis is the frequency 
response function. [6]-[7]  
 
The force prediction programme is executed with 
Math LAB software using a desktop computer, with 
the following model. Consider a structure to be 
linearly elastic during the impact process, were in 
geometric nonlinearity is negligible for small 
deformation.  

 

quantity in this force identification problems. The 
vibration signal of this system is affected by both the 
input force and the transfer function. The fact that the 
input force f (t) and the transfer function h(t) are 
correlated to each other, creates the main problem. 
The obvious solution is to measure the transfer 
function   of the structure ahead of the time. The 
inverse problem of solving above equation 2 for {F} 
may be ill-posed or ill-conditioned for many reasons 
like measurement noises, quantization errors and 
numerical errors. In order to improve the ill-
posedness listed above, the least squares method 
based on the singular value decomposition (SVD) is 
adopted to solve equation 1 and regularize it to obtain 
unique solution. [8]                                                        
 
III. THE EXPERIMENTAL SETUP  
  
A.  Test Rig  
The test rig mainly consist two types of a rectangular 
aluminum plates (test specimens) measuring 200mm 
in width, 450mm in length, and 3mm thick (450mm × 
200mm × 3mm). The first plate is plain solid 
rectangular one with small eight holes on periphery is 
used to secure it to the support brackets by screw and 
weighs 0.733Kg. In this simple simulation, the 
aluminum plate would produce similar dynamic 
behavior as in an actual lightweight structure, for 
example a vehicle body. This simple plate can 
simulate a vehicle body which can also be considered 
as a lightweight structure containing all the similar 
vibration modes. Each of the plates is mounted to the 
support brackets for the experiments. The ground 
supports are made with combination of an aluminum 
block, a   

 
Fig: 1 the experimental setup used to conduct experiment. 

 
Trapezium steel plate and a rectangular wooden base. 
Dimensions of the aluminum block are 19 mm in 
width, 75 mm in length, and 89 mm in height. The 
steel plate is 4 mm thick.  
  
B.  The Experiment using one sensor  
A schematic of the experimental setup is shown in 
figure 1. First experiment was conducted for 
rectangular plate without hole. The plate was marked 
with 12 points which are indicated as 11, 12, 13, 14, 
21, 22, 23, 24, 31, 32, 33 and 34, the impact force and 
their responses are measured using accelerometers at 
these points. An accelerometer was placed in each of 
these locations, individually for the test. In this study, 
accelerometer used was PCB® 352C03 is used as a 
response sensor. The dimensions of this sensor are 
21mm in height and base diameter of 12mm. A bee 
wax adhesive was used to mount the sensor to the flat 
surface of the plate, to obtain consistent grip.  In this 
paper, Single Input Single Output (SISO) approach is 
used to collect the output acceleration responses.  
A modally tuned PCB® ICP impact hammer model 
SN W31670 was used to produce the impact 
excitation signal. For experiment, impact hammer 
with medium tip with steel cover was used. The 
direction of impact force, is restricted to the vertical 
direction only and impact location is adjacent to 
accelerometer at point 34. By using an impact 
hammer, the impact force can be measured and 
recorded, thus providing a means of comparison 
against the identified impact force from the force 
identification method. All of this information from 
sensors of input force and output response are 
connected to a multi-channel data acquisition (DAQ) 
system which consists of four channel DAQ hardware 
(i.e. model NIUSB 9233). The Data acquisition 
system was connected to a laptop which is equipped 
with data acquisition software (i.e. Lab VIEW) and  
processing software (i.e. MATLAB) to obtain FRF. 
As shown in figure 2 and 3. [9]- [10] 
 
C. The Experiment using two sensor   
 In inverse problems reducing ill-posedness, is always 
a priority. One way of reducing ill-posedness is by 
increasing the responses measured. To study the 
influence of more number of sensors in reducing the 
effect of ill-posedness and increasing the accuracy of 
force prediction, two accelerometers were used 
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simultaneously to collect data. To investigate this 
factor the experimental procedure using two 
accelerometers was conducted for the above setup. 
The impact hammer and both accelerometers are 
connected to DAQ, which is configured for 3 channel 
operation in Lab VIEW.  The 12 points marked on 
rectangular plate were pared into 7 configurations as  
(11-21), (12-32), (13-24), (14-34), (21-22), (21-31) 
and (23-33). In case of rectangular plate with hole, 6 
points marked were pared into 3 configurations as 
(12-33), (21-24) and (31-13). The impact force and 
their responses are measured using accelerometers on 
all these configurations. Two accelerometers were 
placed in each of these locations, individually and 
tested. A bee wax adhesive was used to mount the 
sensors to the flat surface of the plate, to obtain 
consistent output. The described procedure is 
repeated for all 7 configurations rectangular plate. 
The data collected in this experiment consist of three 
columns i.e. force history, acceleration from 1st 
sensor and acceleration from 2nd sensor.  
  

 
Fig 2: (a) acceleration response and impact force response (b) 

at point 24. 
 

 
Fig 3:  Frequency response function plot for the impact force 

and acceleration history at point 24 
 
D.  Experiment for Acceleration Response due to a 
Dropping Weight from Specified Height.  
  
This experiment is conducted to collect the 
acceleration response to an unknown arbitrary impact 
force due to some dropping weight. The experiment 
is conducted using the drop weight setup (without 
sensor) is used to impart force to the plates. The 

accelerometer was mounted on the marked point. The 
drop hammer setup is positioned on the plate. The 
figure 4  shows the experimental setup for this case. 
A 5mm clearance between the pipe and the plate was 
maintained to avoid any rebounds. This brought the 
actual height configuration of drop hammer setup as 
55mm, 105mm, 155mm and 205mm respectively.    
 

 
Fig 4: Dropping Weight from Specified Height. 

 
Then stopper is placed is the transverse hole at 
50mm. Dead weight is inserted from the top and held 
in position by the stopper. As the stopper is removed 
from the pipe the dead weight drops on to the plate, 
impacting a force on it. The data collected form this 
experiment consist of only acceleration history. This 
experiment was performed for all 12 sensor locations 
(one by one) of rectangular plate. From experiments 
it was found that 55mm and 105mm were the suitable 
heights for the drop weight, because the noise and 
double impacts became more prominent for higher 
configuration  
 
IV.  RESULTS AND DISCUSSION  
 
A.  Force identification of dropped weight using one 
sensor  
The FRF obtained for each location was stored. The 
force prediction form the drop weight was found by 
using correlation between the FRF obtained from one 
sensor and the acceleration response from dropping 
weight. The figures 5 shows force predicted for drop 
height of 55mm respectively.  By studying values of 
forces between predicted and theoretically calculated 
values, we observe:  
  

 
Fig 5:  Force identification for dropped weight from height 

105mm for plate. 
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 For 55mm height, maximum error is 0.003258% and 
minimum error is 0.0001149%. For 105mm height, 
maximum error is 0.756% and minimum error is 
0.116%. We observe that as the height of the dropped 
body increases the error slightly increases. The point 
farthest from impact force excitation (24) has the 
maximum error and error reduces as the distance 
between the impact force and acceleration response 
reduces. Form above results it is clear that force 
prediction is accurate to theoretical results as the 
maximum error is lesser than 0.75%.   
B.  Force Identification using FRF and different 
acceleration response  
The required response and force data for various 
sensor position and impact location are collected. The 
correlation between measured force and acceleration 
response is used to construct FRF. The FRF 
constructed for the plate are used to identify the force 
acting at point on the plate, by using any arbitrary 
acceleration at that point. Three impact force F1, F2 
and F3, excited on the test setup one at a time, 
corresponding acceleration responses were collected 
with two sensors placed for each impact force. The 
acceleration response for F1 were A1 and A1’, 
acceleration response for F2 were A2 and A2’ and 
acceleration response for F3 were A3 and A3’.  
Impact force values obtained measurement (impact 
hammer) are F1 = 9.089N, F2 = 45.65N and F3 = 
10.54N respectively. Now force identification is 
performed using the correlation between the impact 
force and corresponding acceleration response. To 
establish force identification with this method, we 
performed three cases as given below:  
 

 
Fig 6:  Force predicted for force F1. 

 
Case (I): Identification of force F2 using FRF H1 and 
H1’.  
Case (II): Identification of force F3 using FRF H1 
and H1’.  
Case (III): Identification of force F1 using an 
arbitrary FRF (say H3 and H3’). (Fig 6)  
  
The predicted forces for above three cases  are F1’ = 
9.09N, F2’ = 45.94N and F3’ = 10.5N respectively 
From the recorded experimental results of the impact 
force and identified impact force using acceleration 
response and any arbitrary selected FRF matrix, very 
close agreement is observed between the two as far as 
magnitude and the time of impact is considered.  

  CONCLUSION  
 
The paper presents a study of force identification on 
light weight structures. The force prediction for 
dropped weight using one sensor was conducted and 
results were obtained. From the results, force 
prediction is found to be more accurate for sensor 
locations (33 and 24) close to impact force excitation 
point, distant points (21, 12 and 31) are found to have 
more error comparatively.  In case of plate without 
rectangular hole the maximum error is 0.75% found 
at point 21. Similarly for the plate with rectangular 
hole, maximum error is 0.5% also found at point 21. 
The minimum error was found to be at nearer points 
(33and 24) and lesser than 0.025% for both plate 
configurations  
The force prediction using two sensors in case for 
rectangular plate was also conducted.  In this case 
obtained FRF at any arbitrary point and acceleration 
responses at points were used to calculate impact 
force at these points.   From these experimental 
results it is clear that the impact force identification 
by using pseudo-inverse method is robust and 
reliable. Hence it is easily possible to predict the 
magnitude and location of impact force on any of the 
light weight structures based on these elements.  The 
force prediction using two sensor was found to be 
more accurate than one sensor, as it decreases the ill-
posedness of the inverse problem. Hence it is easily 
possible to predict the magnitude and location of 
impact force on any of the light weight structures 
based on these elements.   
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